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Outline

= Introduction to the challenges
e MaRIE workshops and community wisdoms
e The state-of-the-art
e Opportunities

= Our approach & progress (enabled by collaborations)

— New Materials
e Materials Discovery

— New Architectures
*  Pushing silicon architecture to higher speeds

— New data & imaging methods
— Near term applications Laboratory and APS Experimental tests of materials and imaging

= Upcoming activities
e Development and experimental validation where vision and support coincide
e ULITIMA 2020 (jointly with ICHSIP33 ~ San Diego, CA, USA)
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Evolution of high-speed imaging technologies
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The August 2016 workshop surveyed current status

And identified future opportunities

High-energy and Ultrafast X-Ray Imaging Technologies and Applications

ACCOMMODATIONS ABSTRACTS ‘ REGISTRATION PROGRAM TRAVEL
Industry (US)
Ultrafast high-energy photon imaging
= ps, GHz & large data

100fs 300 ps

XFEL above 30 keV u .
Peagy vigil

High-energy and Ultrafast X-Ray Imaging Technologies and Applications (505) 667-8448
For logisucal purposes
and questions

Local Organizers

Michael Stevens
Zhehu! (j=ff) Wang
(505) 665-5353

Meeting Planner

Date : August 2-3, 2016
Hotel venue: Hilton Santa Fe at Buffalo Thunder

The goal of this workshop Is to gather leading experts In the fields relared to ulrafast high-energy photon Imaging and | EXternal

et e e oot for st bt e st ekl eetopment. ooty e snplestore | Co-Organizers

the next 5-10 years, and estabiish foundarions for near-term RS0 collaboration. Peter Denes (L8L)
Sol Gruner (Cornell

“This workshop is one in a series being organized by Los Alamos National Laboratory t0 e Univ

Data software &
hardware (ASIC)
New possibilities
Experiments &

Applications

State-of-the-art

» Los Alamos

NATIONAL LABORATORY UNCLASSIFIED
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Ultrafast and High-Energy X-Ray Imaging Technologies &
Applications

(August 2-3, 2016; Santa Fe, NM 87506, USA)
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Two-pronged development process: (Low & High Risk)

» Los Alamos
NATIONAL LABORATORY
EST.1943

Performance

). &

Pixel format 64 x 64 (scalable to 1 Mpix) 1 Mpix
MaRIE KPP requirements
ASIC/Data No. Analog digital | S/N Bit Res. | CMOS
Chan. bandwidth | samplin | (dB) technol.
(GHz) g (GHz)
PSEC4 6 15 15 10.5 IBM 130 nm
“Hawaii 1287 |3 20 58 dB/ [ 9.4 (TSMC 130 nm)
chip” 1Vpp
“Cornell 384 x| 0.5
Keck GHz"” 256
epixA 1M 3 >=8 TSMC 250 nm
UNCLASSIFIED LANL Hamburg 2019

ray energy

time

Number of frames

Pixel size/pitch

Dynamic range

Frame-rate/inter-frame

X-ray detection efficiency

30 keV
0.5 GHz/2 ns

10
above 50%

<300 mm
103 X-ray photons

Type | imager Type Il imager

42-126 keV
3 GHz / 300 ps

10-30

above 80%

<300 mm

= 104 X-ray photons
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Analysis of current performance gaps to requirements poinis
to speed and high-energy eificiency as critical issues

UXI

pRad2

AGIPD 1.0

(>50%) x
(>20 keV)

KeckPAD

ePix100a

EIGER

Ultra UBSi

Teledyne
Dalsa

» Los Alamos
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Sensor
Speed
(<10 ns)

ASIC
(>0.1 GHz)

No. of
Frames
(>10)

(Credit: C. W. Barnes)

UNCLASSIFIED

Resolution
(<250 um)

Dynamic
Range
(> 103)
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Our vision

¥ Involve materials scientists to develop new photon conversion materials

“GHz technology”

% Explore new tion

¥ Data-methoc re development & performange

“10lMHz  technology ”

We are

» Los Alamos
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1) There are Structural & Processing Innovations
that could be pursued

Material Processes m
Thin film process novel thin-film
properties

Additive process Micro-, nano-grains
Microfluidic Versatile nano-
process particle assembly
9., Polymer-assisted Versatile nano-

fabrication particle assembly
Self- Autonomous
assembly/biological
assisted processes

I

l Multilayer/stacked 2D

E

1

]

a i

1 . .

: Existing processes:

; CMOS,

1

: SOl,

]

' - SiGe.

Type | technologies Type |l technologies
o
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MULTI-LAB (NNSA and DOE/S() TEAM on advancing silicon

. ANL

e SYNCHROTRON SOURCE (APS) é

e MONOLITHIC DETECTOR TECHNOLOGY (MAPS); MCP & photodetectors benchmark Argon ne

. LANL

e SYSTEM INTEGRATION, NOVEL STRUCTURES

e TESTING & APPLICATIONS (IMAGING METHODS, DATA Handling)

freeeee )m
o ULTRFAST PHOTODETECTORS |
BERKELEY LAB
. SNL s ~$20M TPC over 5 years to
CHIPSIROICS. DESIGNS Ng!t]igﬁal deliver 100 MHz framing camera
’ Laboratories for use at DCS@APS or LCLS
. SLAC
o LCL THER FACILITIE ﬂ NATIONAL
(s s o ¢ S 0. ‘ ACCELERATOR
ﬁ) e  ASIC DESIGNs, HYBRID CONCEPTS Jhl-\v LABORATORY
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UMA collaboration

Argonneé

NATIONAL LABORATORY

PURDUE

UNIVERSITY
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APS Experiment (Feb. 2018) """ :

GHz Oscilloscope
ic Diamong
X-ray beam

LYSO + PMT 1
Fast plastic + PMT 2

Diamond (Quadrant A)

Diamond (Quadrant B)
Diamond (Quadrant C)

lllWHII

IiHH

J. Xie et al, _
NIMA (2019) Diamond (Quadrant D)
b APS timing pulses
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i reonn 3
APS Experiment Qul. 2018) Argnne....

GHz Oscilloscope

Diamona
X-ray beam

LYSO
BaF2
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12 fast Scintillators tested

Detector LYSO+PMT1 Plastic+PMT2
Amplitude 20.9+0.4 mV 25.8+ 0.4 mV 1.9+0.2 mV
Rise time 18.4+0.6 ns 12.4+0.2 ns 2.0+0.2 ns
BaF
BaF, 2 .
--I Decay time 80.7+1.8ns 26.7+0.9ns 28.3t6.2ns  E .
D 4.8 4.89
ensity (g/cm’) SIC BaF,-1 50x50x5 mm®
o o [ h
Me"'“i'”'"“ 1280 1280 1975 1870 1940 1725 2050 2060 1870 1850 1930 2070
( ) Photek MCP-PMT210, HV = -5000 V
X, (cm) 203 203 251 277 353 251 1.14 1.45 2.77 1.63 1.37 3.10 s °T ]
Ry, (cm) 3.1 31 228 24 276 220 2.07 2.15 2.4 2.20 2.01 2.93 £ . Tektranix MSO 72304DX
A (em) 307 307 222 224 252 209 20.9 20.6 224 215 19.5 27.8 o
Zox 51.6 51.6 277 319 30 28.1 64.8 60.3 31.9 51.8 58.6 33.3 g°
>
o
dE/dX (MeV/cm) = 6.52  6.52 842 | 805  7.01 882 9.55 9.22 8.05 8.96 9.82 6.57 2
300 300
Apesi” (nm) 320 220 380 350 350 380 420 520 370 540 385 420 1
Refractive 0
o 150 150 21 196 1.87  1.97 1.82 1.84 1.96 1.92 1.94 1.78 T T T i
. Time (ns)
Normalized 42 1.7 d " d 6.5 35¢ 9 16
Light Yield®< 4.8 ag | EE [ R [LEE 0.5 100 age 32 S 15 E0
Total Light yield
13,000 2,000 2,000° 57¢ 110° 2,100 30,000 25,000° 12,000 34,400 10,000 24,000 .
(ph/Mev) { ) 2 J 4 24 r '’ 24 'y’ ’ '’
600 600 148 820 191 1485 Hybrld mOde
Decay time® (ns) <1 1.5 4 40 53 75 .
0.6 0.6 6 50 25 36
2.83 ns bunch spacing
LY in 15t ns " d d
(photons/Mey) | 1200 1200 610 28 24 a3 740 240 391 640 125 318
40keVAtt.Leng.  15c 5106 0407 0314 0439 0394  0.185 0.251 0314 0319 0214  0.334
(1/e, mm)
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(< 20 um possible)
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Slicon camera characterization

3 35
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Wang JINST 10 (2015) C12013

(<10 um resolution)
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SSAP collaboration -Univ. Wisconsin Madison

T
a) -
Flexible SPAD ar ' .
Foct < 2 P Experiment Result
seclla . *“a 6000 4 —a— Ultrathin SOl based SPAD Timing Jitter
[ ] )
5000 -
Vv, =3V
4000 - wavelength=420nm
)
5 |
hotonic band-gap material 8 3000 - |
for high-density pixels T ',
2000 - -
Super- ll
resolved
imaging |} 1000 -
side view [ ;
0 -m———
I v 1 v 1 v 1 v 1 v 1 v
(LLLLE -1000 0 1000 2000 3000 4000 5000
Time (ps)
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3) New data methods like Sparse X-ray imaging can make
900d images with fewer photons

Wang et al, JINST 13 (2018) C01035

b
ﬁj (a) (b)
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UMA - UDA collaboration

V\S‘\TUTE Oe

S 2
a3 e
> a0 BROOKHIVEN
o 1891 z NATIONAL LABORATORY
5 o

A—O p

UNIVERSITY OF CALIFORNIA

Argonne

NATIONAL LABORATORY

5 SANTA CRU.
Berkeley

UNIVERSITY OF CALIFORNTIA

PURDUE

v

UNIVERSITY

Sandia
National
Laboratories
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We continue to interact, learn irom, and collaborate with the
best detector teams in the world

ULITIMA 2018

b Blg nala h‘v& f_nr ULTRAFAST IMAGING AND TRACKING
Hioh-Speed Imaging & INSTRUMENTATION, METHODS & APPLICATIONS

Pal‘licle Tlal:l(illg 'WEB ADDRESS: HTTPS:/ULITIMA.LANL.GOV

Qclober 27, 2017
4 8:30 am % 5:30 pm
Hyatt Régency Atianta

ST ULITIMA2020

The future of instrument dev ient necessitates sending
out only indispensable infe rather than raw daft

a. - S :
The new framework of comy 2 ' o G (CO-CHAIR, L X o
with automated, data mini , “KLINE'(Ct
opportunities forifstrument; . 8 E >
workshop, open fo al IEEE NSS; s, offers 9
cagen um

a platform for sharing needs, idéas,and experiences fo
infegrate data analytics and ma:mna eatrioy algollmms
with hardware, with the ullimate goal

nforThaNogiarven, o InigeRtnsitamnta for NS!/MIG and
related fields.

An IEEE NSS/MIC 2017 Workshop

Orgonizors:

Sobiiola Canl GLAC) “crcelDemarleat (AND
8L « * Heinz Graafsma (DESY)

/ang Liu (LAND
exionKenneay Tomic)
n u|uc> i e Weng AN, e
uan Zhu (Cattech)

Contact: zwangalanigov
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summary

. Ultrafast imaging technology development requires inter-
disciplinary approach

. Data methods can potentially accelerate the development of
ultrafast high-energy X-ray imaging technology

e Fordata & by Data
. A multi-institution & multi-disciplinary team in place

e New collaborations in hardware & applications welcome!
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